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steady state noise. Military research established the threshold for eardrum rupture at 180 dB for an
unprotected ear with a free-field sound pressure wave at grazing incidence.

(b)  1966: Criterion for steady state noise published by CHABA Working Group 46 (Kryter et al., 1966)
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1968: First criterion specifically for impulse noise published by CHABA based on Coles et al. (1968). This
criterion: lowered the tolerable pressure by 5 dB for normal incidence of noise wave to ear, lowered the
allowable pressure by another 5 dB to protect 95% of population instead of 75% as in Coles et al.,
established 179 dB peak SPL over 25 microsecond duration as single impulse limit to unprotected ear,
accounted for acoustic reflex contraction of middle ear muscles, and established a correction factor for
single impulse exposures by permitting a 10 dB increase in allowable pressure. The method of signal
analysis was also specified in this paper using the A and B-durations (see Definitions section). Lacking
other tools, passive restraint engineers adopted these methods and criteria. Typical driver airbag systems
produced impulses in the range of 140 to 150 dB. These were considered to be associated with a low risk
for PTS.

1969: Classic experiments with human volunteers exposed to automative airbags performed and reported
Nixon|{(1969).

1971;
noise
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1996:
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Bolt, Beranek, and Newman revised earlier impulse noise criteria to.specifica
produced by airbag deployment (Allen et al., 1971). Raw pressure-time data wa

Another classic set of human volunteer experiments conducted by Somme
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flequency nhoise acting together. A protective effect of low frequency noise was sug

MIL-STD-1474A "Noise Limits for Army Materiel”first published. This standard

ure-time data collected (with the low and*high frequency noise analyzed togeth

National Academy of Sciences/National Research Council (1992) reports that
not be used for low=frequency impulses such as air bags, sonic booms, rapid

A mathematical model of the feline ear is reported by Price and Kalb from the
[he model~calculates risk based on a hypothesis that damage to the hair

r-analogous to mechanical fatigue of solid materials.

lly address impulse
5 low-pass filtered at
Lilation. This method
., without interaction

and Nixon (1973).
itself) and low plus
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established maxima
ng types of hearing

er in contrast to the

SAE J247 (FEB87) Recommended Practice—Instrumentation For Measuringg Acoustic Impulses
Within Vehicles. Describes the instrimentation and procedure for measurement of airbag

g noise in vehicles.

"The 1968 criterion
pressurization etc."
punt for the spectral
es.

US Army Research
cells in the cochlea
b displacements in a

?es to/a'mathematical function of the number and amplitude of basilar membran

1996: Math model of the feline ear is validated for airbag impulses (Price, Rouhana and Kalb, 1996; Price
and Kalb, 1996). The model has a movie function that shows the development of the risk of impulse noise-
induced threshold shift as it relates to the impulse noise pressure-time history.

1997: MIL-STD-1474D "Noise Limits" a revision of MIL-STD-1474C. This standard continues the use of
maxima for combinations of peak Sound Pressure Level and B-duration beyond which varying types of
hearing protection are required by military personnel. The limits are referenced to the Curve X instead of
Curve Y and Curve X is reduced by 1.5 dB from MIL-STD-1474B).

1999: The ARL Ear model is extended to a human ear model (Price and Kalb, 1999).
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1999: ANSI Working Group S3-32 issued a draft report on the effects of impulse noise". The group

recommended using the 8-hour equivalent energy (LAEQ8) criterion for impulse noise below a peak SPL of
140 dB, and the ARL criterion for impulse noise above a peak SPL of 140 dB.

(0)

2001: The ARL Ear Model was reviewed by a Peer Review Panel of the American Institute of Biological

Sciences. The panel concluded that the Ear Model "represents a significant improvement over the

Department of Defense Design Criteria Standard: Noise Limits of 12 February 1997 (MIL-STD-1474D).",
that "the model was validated by human exposure data obtained in Albuquerque, New Mexico", and that
"the HRED model can be used to test potential health hazards associated with impulse noise levels in
excess of 140 dB".
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stapes that put the
e calculated stapes

d|splacement as the dnvmg input to the cochlea the model caIcuIates the displacement history of the
basilar membrane for the duration of the input waveform. Risk is calculated at 23 locations along the
basilar membrane. The postulated mechanism of injury in the algorithm is similar to mechanical fatigue of
the hair cells in general engineering and is calculated as a function of the amplitude of the vibration and the

number of cycles of vibration.

Auditory Risk Units [ARU].

The output of the ARL model calculation is presented in values called
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1. SCOPE

New methods are available to assist in evaluating the risk of impulse noise-induced hearing loss from inflatable devices,
for example, airbags and seat belt pretensioners. This document presents some background on impulse noise
measurement techniques and assessment criteria. Related information relative to test details, for example, preamplifier
specifications and filtering methods and criteria, will be discussed in a future recommended practice.

1.1 Purpose

This document serves to disseminate information about these tools and techniques to assist the automotive restraint
development process.

2. REFERENCES
2.1 Applicable Doguments

The following publicptions form a part of this specification to the extent specified herein, Unless oth¢rwise indicated, the
latest issue of SAE gublications shall apply.

2.1.1 SAE Publicdtions

Available from SAE [nternational, 400 Commonwealth Drive, Warrendale, PA¥15096-0001, Tel: 877-6P6-7323 (inside USA
and Canada) or 7241776-4970 (outside USA), www.sae.org.

Kemmer, M.: "Airbag-Inflation Noise Evaluation and Analysis, presented to SAE Airbag System Task Force, May, 1997.
Kemmer, M.: "Evalliation and Analysis of Airbag Inflation Npisé", presented to SAE Airbag Systems Task Force,
February, 1998.
Ochs, J.: "Airbag Inflation Noise—Evaluation and Analysis" presented to SAE Airbag Systems Task Horce, May 13, 1997.
Price, G.R.: "Predictjng and Ameliorating Hearing Hazard\from the Noise of Airbag Deployment, presented to SAE Airbag
Systems Task Fprce, 1997.
Price, G.R. and Kalb, J.T.: "Modeling Airbag Neise“Hazard: An Engineering Approach”, presented to SAE Airbag
Systems Task Fprce, October, 1998.
Price, G.R. and Kall}, J.T.: "Airbag Noise, the ARL Ear Model and Progress Toward a Noise Standard; Comments on the
Weissach Tests|and the NATO RSG Meeting", presented to SAE Airbag Systems Task Force, Mgrch, 1999.
Rouhana, S.W., Webb, S.R., Wooley, R:G}, McCleary, J.D., Wood, F.D., and Salva D.B.: "Investigation into the Noise
Assomated W|th Air Bag Deployment Part —Measurement Techmque and Parameter Study", if Proceedings of the
38" Stapp Car Grash Conferenee,"SAE Technical Paper Number 942218, 1994,
Rouhana, S.W., Dunn, V.C., anchWebb, S.R.: "Investigation into the Noise Associated with Airbag D =ployment Part Il --
Injury Risk Stuqy Using a~Mathematical Model of the Human Ear," in Proceedings of the 4™ Stapp Car Crash
Conference, SAE, 1998;
Rouhana, S.W.: "InVestigation of Hearing Loss Associated with Airbag Deployment: Human Ear Model vs BBN Method",
presented to SA Alrbag Systems Task Force January, 1998.
Rouhana, S.W.: "Airbag-Noise C d 3 d irbag ms Task Force, May
13, 1997.
Rouhana, S.W.: "Issues to be Considered in Drafting a Standard Measurement Procedure for Assessing Airbag Noise",
presented to SAE Airbag Systems Task Force, May 13, 1997.
SAE J247—FEB87 SAE Recommended Practice--Instrumentation For Measuring Acoustic Impulses Within Vehicles
Wunsch, Chris: "Airbag Inflation Noise Tests Conducted at Porsche's R&D Center in Germany on 26/27 of October",
presented to SAE Airbag Systems Task Force, November, 1998.
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ANSI Publications

Available from American National Standards Institute, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-

4900, www.ansi.org.

ANSI S12.7-1986 "Methods for Measurement of Impulse Noise", 1986.

2.1.3

ISO Publications

Available from American National Standards Institute, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-

4900, www.ansi.org.

ISO/TC22/SC10/WG

Level for Side Impact Airbags, ISO Technical Report 15762 May, 1997.

ISO/TC 43/SC1/DS
of Noise, 1994.
Standard Reference
2.1.4 DoD Publics
Available from U.S.
U.S. Department of
2.1.5 NATO Publi

Available from Direc
Kingdom

NATO Research Sty
2.1.6 Department

Available from USD(

U.S. Department of
Newman: BBN):

006-1-006, 19711

U.S. Department of
Report, DOT Co

U.S. Department of
Transient Data

3 N Draft ISO Technical Report: Road Vehicles -- Test Procedures for Evalua
Draft ISO/DIS 10843 Acoustics—Methods for the Physical Measurement.of.Singl

Zero for the Calibration of Pure-Tone Audiometers, R389, 1964.

tions

Sovernment Printing Office, Sales Management Division(SSMB), Washington, D
Defense Design Criteria Standard—"Noise Limits"—Military Standard 1474D",199
Cations

orate of Standardization, Stan 2, Kentigern*House, 65 Brown Street, GLASGOW

dy Group 29 on "Impulse Noise Effects", minutes, 1997.
of Transportation
DT

Transportation—Allen, C.H., Bruce, R.D., Dietrich, C.W., and Pearsons, K.S.
"Noise and Inflatable Restraint Systems”, BBN Report Number 2020, DOT Fin

Transportation—Nixon, C.W.: "Human Auditory Response to an Air Bag In
htract Number P.O. 9-1-1151, 1969.
ransportation—Sommer, H.C.: "Description and Use of a Measurement System

ing Sound Pressure

b Impulses or Bursts

C 20402.

7.

G2 8EX, United

(Bolt, Beranek, and
al Report, DOT-HS-

flation Noise", Final

for Air Bag Acoustic

\cgulisition and Analysis", Final Report, DOT IA-0-1-2160, Aerospace Medical R

esearch Laboratory,

Wright-Pattersor

PN n At 1 AAADI— D22 QA1 1 160722
I'AIl TUTCT Dadst INUITIUTT AVIRKLE=TIN=7o70, VIAlUIll, 1LIJ7o.
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2.2 Related Publications

American Academy of Otolaryngology—Head and Neck Surgery, "Guide for the Conservation of He
Edition, 2001.

American Institute of Biological Sciences—"AIBS Peer Review on the HRED Method for Assessing
Injury for Hearing-Protected Soldiers Exposed to Impulse Noise", April 2, 2001.

aring in Noise, Sixth

the Risk of Auditory

Arbeitskreis-Zielvereinbarung Airbag Systems AK-ZV 01: "Objective Agreement of the Working Committee of the German
Automobile Manufacturers Audi, BMW, Mercedes-Benz, Porsche, and Volkswagen regarding Test Equipment and

Test Procedures for Airbag Inflation Noise",March, 2001.

Coles, R.R.A., Garinther, G.R., Hodge, D.C., and Rice, C.G.: "Hazardous Exposure to Impulse Noise",

Society of America

Hickling, R.: "The Nai
1976.

Hodge, D.C. and Pijice, G.R.: "Hearing Damage Risk Criteria", in Noise and Audiology, D.M.,Lipsc
Park Press, Baltjmore, 1978.

Hohmann, B.: "Detpnation on impact—hearing damage due to collision noise and airbags"”, D
Conference, 20(0.

Huelke, Donald F., Moore, Jamie L., Compton, Timothy W., Rouhana, Stephen W., Kileny, Paul: “E3
Loss with Automobile Airbag Deployments.”, Accident Analysis & Prevention 31+(1999).

Kalb, J.T. and Pricq, G.R.: "Mathematical Model of the Ear's Response to Weapons Impulses"”, in
Third Conference on Weapon Launch Noise Blast Overpressure, Special Publication BRL-SP-66,
Research Lab, Aberdeen Proving Ground, MD, 1987.

Katz, J.: "Handbook [of Clinical Audiology (Fourth Edition)", Williams & Witkins, Baltimore, MD.

Kramer, M.B., Shatfuck, T.G., Charnock, D.R.: "Traumatic Hearing\Loss Following Air-Bag Inflg
Journal of Medidine, Volume 337 (8), 1997.

Kryter, K.D., Ward, W.D., Miller, J.D., and Eldredge, D.H.: “Hazardous Exposure to Intermittent and
Report of CHABRA Working Group 46 to the NAS, J. Acoustical Society of America, Volume 39 (3)

Mattox, D.E., Lou, W., Kalb, J.T. and Price, G.R.: "Histalogic Changes of the Cochlea after Air
Abstracts of the[20th Midwinter Meeting of the Association for Research in Otolaryngology, St. P|
p. 200, 1997.

McRobert, H. and \ard, W.D.: "Damage-Risk Critéria: The Trading Relation between Intensity
Nonreverberant fmpulses", J. Acoustical Society-of America, Volume 53 (5), 1973.

McFeely, W.J., Bojrab, D.l., Davis, K.G., andHegyi, D.F.: "Otologic Injuries Caused By Airbag Dep
Otolaryngology, [Head and Neck Surgery; 121(4), 367-373, Oct 1999.

National Academy pf Sciences/National.Research Council, Committee on Hearing Bioacoustics
(CHABA), Working Group 57, July, 1968.

National Research [Council, Commission on Behavioral and Social Sciences and Education, Cor
Bioacoustics, and Biomechanies{Hazardous Exposure to Impulse Noise, National Academy Pres

2), 1968.

, Volume 43 (
e 0 ne A OMO

1992].
Nixon, C.W.: "Humgn Auditory-Response to an Air Bag Inflation Noise", Final Report, DOT Contra
1151, 1969.

Northern, J.L. and Dpwns;-M.P.: Hearing in Children, Williams & Wilkins, 4th ed., 1991, p.13.

J. Acoustical
ne 6 (3), May-June,
omb, ed., University
AGA 2000 Acoustic
r Injury and Hearing
Proceedings of the
U.S. Army Ballistics
tion", New England
Steady-State Noise”,
1966.

bag Deployment” in
etersburg, FL, 3797,
and the Number of
loyment", Journal of

and Biomechanics

nmittee on Hearing,
5, Washington, D.C.,

't Number P.O. 9-1-

Pickles, J.0O.: "An Infroduction to the Physiology of Hearing", Academic Press, Harcourt, Brace and

ovanovich, 2nd ed.,

1988, pp. 23-24.
Posey, J. and Hickling, R.: "Noise Mechanisms in the Inflation of the Automotive Safety Air Bag", Pre
Annual Meeting of the Acoustical Society of America, GM Research Publication 1411, 1973.
Price, G.R.: "Functional Changes in the Ear Produced by High-Intensity Sound. I. 5.0-kHz Stimu
Society of America, Volume 44(6), 1968.
Price, G.R.: "Functional Changes in the Ear Produced by High-Intensity Sound. II.
Society of America, Volume 51 (2 Part 2), 1972.
Price, G.R.: "Upper Limit to Stapes Displacement:
Volume 56 (1), 1974.

Implications for Hearing Loss", J. Acoustical

sentation at the 85th

lation", J. Acoustical

500-Hz Stimulation”, J. Acoustical

Society of America,

Price, G.R.: "Transformation Function of the External Ear in Response to Impulse Stimulation", J. Acoustical Society of

America, Volume 56 (1), 1974.
Price, G.R.: "Age as a Factor in Susceptibility to Hearing Loss:
America, Volume 60 (4), 1976.

Young versus Adult Ears", J.

Acoustic Society of
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Price, G.R.: "Loss of Auditory Sensitivity Following Exposure to Spectrally Narrow Impulses”, J. Acoustical Society of
America, Volume 66 (2), 1979.

Price, G.R.: "Implications of a Critical Level in the Ear for Assessment of Noise Hazard at High Intensities", J. Acoustical
Society of America Volume 69 (1), 1981.

Price, G.R.: "Relative Hazard of Weapons Impulses"”, J. Acoustical Society of America, Volume 73 (2), 1983.

Price, G.R.: "Hazard from Intense Low-Frequency Acoustic Impulses”, J. Acoustical Society of America, Volume 80 (4),
1986.

Price, G.R. and Kalb, J.T.: "Mathematical Model of the Effect of Limited Stapes Displacement on Hazard from Intense
Sounds", J. Acoustical Society of America, Supplement 1, Volume 80, Fall 1986.

Price, G.R. and Kalb, J.T.:

"Insights into Hazard from Intense Impulses from a Mathematical M

Acoustical Society of America, Volume 90 (1), 1991.

Price, G.R. and Kalb, J.T.:

Acoustical Socie

ty of America. Volume 99 (2464). 1996.

odel of the Ear", J.

"Modeling Auditory Hazard from Impulses with Large Low-Frequency Components”, J.

Price, G.R. and Kalh
Ear Model Users

Price, G.R., Kim, H.
Evidence", J. Ag

Price, G.R. and Lim,
Fall 1983.

, J.T.: "Welcome to the ARL Auditory Hazard Assessment Algorithm—Human(A
Manual, 1998.

N., Lim, D.J., and Dunn, D.: "Hazard from Weapons Impulses: Histological and
pustical Society of America, Volume 85 (3), 1989.

D.J.: "Susceptibility to Intense Impulses”, J.Acoustical Society of America, Suppl

Society of Amer
Price, G.R. and Wa

(6), 1989.
Roeser, R.J., Valent|

Price, G.R,, Rouha:[ca

presented at the
Sommer, H.C. and |
Hearing”, Final R
Yaremchuk, K. and
and 3, pp. 67-73
Yaremchuk, K. and
125, No. 3, pp. 1

3. DEFINITIONS
3.1 Acronyms

AHAAH
ARU

Auditoryf
Auditory

, S.W., and Kalb, J.T.: "Hearing Hazard from the Noise ofVAir Bag Deploy
a, Volume 99 (4, Part 2), 1996.
sack, S.: "Hazard from an Intense Midrange Impulse”, J. Acoustical Society of

American Academy of Otolaryngology—Head Neck Surgery Annual Meeting, Se
Nixon, C.W.: “Primary Components of Simulated Air Bag Noise and Their Relatiy
xeport, DOT Contract Number IA-0-1-21605x1973.

Dobie, R.: "The Otologic Effects of Airbag Deployment", J Occupational Hearing
. 1999.

Dobie, R.: "Otologic Injuries from Airbag Deployment", Otolaryngology—Head an
30-134, 2001.

Hazard from Airbags—Human (human ear model from ARL)
Risk Units output from ARL ear model

AK
ANSI
AHTL
ARL
BAEP

Arbeitsk]
Americ

Averagqg Hearing Threshold Level
Army Research Laboratory
BrainstegnTAuditory Evoked Potentials

Feis der Ruckhaltesysteme-Kooperation, Working Committee of German Automok
n National-Standards Institute

HAAH) Version 1.0",
Electrophysiological
bment 1, Volume 74,
ment", J. Acoustical

America, Volume 86

e, M., Hosford-Dunn, H.: "Audiology Diagnosis”, Thieme/Publishers, New York, 2(00.
Saunders, J.E., Slattery, W.H., Luxford, W.M.: "Automobile Airbag Impulse Noise: Otologic Symptd

ms in Six Patients",
btember 19, 1995.

e Effects on Human
Loss, Vol. 2, No. 2

l Neck Surgery, Vol.

ile Manufacturers

BBN
CHABA

Bolt, Berenak, and Newman
Committee on Hearing, Bioacoustics and Biomechanics, National Research Council, National Academy of

Sciences

dB
DOD
DOT
ISO
NATO
NIHL
OAE
PB
PTS
SAE
SL

Internati

Noise-in

Decibels, logarithmic scale for sound pressure or power units
Department of Defense (United States)
Department of Transportation (United States)

onal Standards Organization

North Atlantic Treaty Organization

duced hearing loss

Otoacoustic Emissions
phonetically balanced
permanent threshold shift in hearing (hearing loss that does not fully recover; see Threshold Shift below)
The International Engineering Society for Advancing Mobility Land Sea Air and Space
Sensation Level (speech intensity)
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SPL Sound Pressure Level = 20 log (measured Pressure/reference Pressure)

TC Technical Committee

TTS temporary threshold shift in hearing (hearing loss that recovers; see Threshold Shift below)

WG Working Group

3.2 Definitions

3.2.1 ACOUSTIC REFLEX

Transmission of sounds through the middle ear can be attenuated by means of the middle ear muscles (Tensor Tympani
and Stapedius Muscle). These muscles are triggered by the Trigeminal and Facial nerves. The Acoustic Reflex, can
cause contraction of these muscles and can be elicited by loud sounds, vocalization, tactile stimulation of the head or

general body move

ent (Dir‘klpq 1QRR) This reflex is absent in 6 7% of "normal hparing" adults

3.2.2 ACOUSTIC

Hearing loss or othef

3.2.3 A-DURATIO

A measurement of
calculated from the f

3.24 ALPHA CAH

TRAUMA
auditory disturbance associated with exposure to a loud noise or seri€s of loud 1
N

he length of time of the low frequency component of an impulse noise pressu
rst rise above the ambient pressure to the time the pressure/first returns to zero.

IN

A reverberation chamber having linear dimensions one-third of those of an international standard rev

volume is 6.44 m>ar
may be lined in with
This can be achievs
closed spaces can

frequencies from 0.5

An airbag module (g
dummy torso fitted

(i.e., sitting in a car
systems, the trigger
initiation of the devig

3.2.5 ARMY RES
A mathematical moq

The "risk" is a meas
that characterize thg

d no two walls are parallel. The overall dimefnsions are (L x W x H): 3.22 x 2.37
absorptive material on walls and floor to match the reverberation of a typical pass
bd, for example, by using 20-60 mm thick fibrous cotton fleece. The absorpti
be described by determining the reverberation time, which should lie between
to 8 kHz.

river, front passenger, side, Kneeblocker airbag) can be attached to the interior
vith pressure transducers!on microphones can be positioned in the cabin as it W
Geat) with respect to the ‘airbag. The system is triggered externally. In the case

oises.

re-time history. It is

erberation room. Its
X 2.03 m. The cabin
enger compartment.
bn characteristics in
30 and 100 ms for

pf the cabin door. A
ould be in a vehicle
of multiple inflatable

ng can take place.-simultaneously or with a time delay between devices. The pressure rise from

e can be used totrigger a data acquisition device (e.g., a tape recorder or compu
FARCH LAB{ARL] MODEL
el of thexear that calculates the risk of impulse noise-induced threshold shift frg

ire of\the mechanical fatigue of the hair cells of the cochlea. The model consists
incident sound pressure as it moves from the free field to the inner ear. The felir

Tho bhiuaan varcion aoftha maodal bac hoaan vyabidatad icina o orvaliintanre oy

er).

m a pressure wave.
of transfer functions
e model is validated

for airbag exposure.

to impulse noise from large weapons.

oo T vV e T STOT T O T T ToOU T T o S DT T T v oot C O o ST g T Hhtar y - v OTo T itC o v

had been exposed

The ARL Model represents the ear as electroacoustic elements with inductors

representing mass, capacitors representing acoustic compliance, and resistors representing acoustic resistances. The
model includes graphs of transfer functions—free-field pressure to eardrum pressure; external ear radiation impedance;
eardrum acoustic input impedance; eardrum pressure to stapes volume velocity; free-field pressure to stapes volume

velocity; and stapes displacement to basilar membrane displacement. The model represents the stapes as nonlinear.

At

low intensities, the annular ligament exerts a linear restoring force on the stapes and can displace easily up to 5 to 6 um.
At high intensities, the restoring force is nonlinear, reaching an asymptote at about 20 um, limiting the motion of the
stapes. Under some circumstances, this nonlinearity appears to limit the transmission of higher frequency noise to the

inner ear.
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3.2.6

ASYMMETRIC HEARING LOSS

Hearing loss in an ear that is of different magnitude than that in the other ear. There is no general agreement on how big
the difference must be, but some studies suggest that the difference must be >15 dB at two frequencies or there must be
a difference in speech discrimination of >15% in order for the hearing loss to be considered asymmetric.

3.2.7

AUDIOGRAM

A graph for a given ear of hearing thresholds obtained for various frequencies.

3.2.8 AVERAGE HEARING THRESHOLD LEVEL (ANSI, 1969)

The softest level at

hearing level (dBHL)).

monosyllabic word.

3.2.9 B-DURATIO

A measurement of the decay time of the high frequency component of the pressure|from an impulse

measured from the
peak, including all r¢
the gas generation—

3.2.10 BRAINSTENI AUDITORY EVOKED POTENTIALS (BAEP)

Electrical activity wit

produced by sound @nd is measured via electrodes on the scalp:

3.2.11 C-WEIGHTI

Modification of the fi
contours of the hum

3.2.12 COMPOSIT
The impulse noise w
3.2.13 THE EAR

3.2.13.1 External §

which a patient can correctly repeat 50% of presented "spondee words"; it-is
A spondee word is a two-syllable word, each syllable of which can stand
Some examples are "baseball, hotdog, airplane, and mushroom".

N

ime the pressure first rises above the baseline until the time, that pressure is le

flections. It is assumed that the B-duration represents the-eénergy emitted at hig
Lgas jetting through a manifold, the airbag cushion unfglding, etc.

hin the auditory regions of the nervous system-(auditory nerve or auditory region

NG

equency content of a signal usihg a filtering network to more closely approximats
n ear (see below).

= PULSE

aveform containing,all the frequencies.

Far

Auricle or pinna and

ecorded in decibels
hlone as a separate

hoise waveform. It is
5s than 20 dB of the
h frequencies, (e.g.,

5 of the brain) that is

 the equal loudness

external auditory canal. The auricle and external auditory canal can amplify sou

nd. The auricle also

functions as a focusi

ng organ and directs (high frequency) sounds Into the ear canal.

3.2.13.2 Middle Ear

Tympanic membrane (ear drum), the malleus (hammer), incus (anvil), and stapes (stirrup) bones plus soft connective
tissues (suspensory ligaments, the tensor tympani muscle, and the stapedius muscle). The middle ear functions as an
acoustic transformer by matching the impedance of the air to that of the inner ear fluids.

3.2.13.3 Inner Ear

Cochlea and semicircular canals.
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3.2.14 EARDRUM RUPTURE
A tear in the eardrum. A peak sound pressure level of 180 dB is commonly accepted as the threshold for eardrum rupture.
3.2.15 EQUAL LOUDNESS CONTOURS

Curves of perceived loudness as a function of frequency for pure tones arriving at the ear. The human ear responds
differently to different frequencies. It is most sensitive to sounds at 4 kHz, and less sensitive at lower frequencies and

higher frequencies (e.g., a 42 dB tone at 4 kHz sounds as loud as a 50 dB tone at 1 kHz and a 73 dB tone at 50 Hz).

3.2.16 DYNAMIC RANGE OF HEARING

20 pPato 1 kPa at 2
3.2.17 GRAZING IN
Noise wave directed
3.2.18 HEARING IN
A hearing loss at lea
3.2.19 HEARING L
Audiometric test ton
to low and high freq
ear to barely hear a
reading at the point
been designed to co
3.2.20 HYPERACU
See Recruitment.

3.2.21 IMPULSE N
High amplitude, shd
millisecond rise of w

and seat belt preten

3.2.22 INTOLERAN

0 Hz to 20 kHz; speech is transmitted between 500 Hz and 4 kHz.

NCIDENCE

parallel to the eardrum.

IPAIRED / MILD HEARING LOSS (ANSI, 1969)

St equal to 26 to 40 dB. Individual demonstrates difficulty, understanding soft-spo
FVEL

bs are specified in hearing level (HL) rather thannSPL because the normal ear is

en speech.

not equally sensitive

llency sounds. According to current standards’ (ANSI, 1969) it takes 39 dB mor¢ SPL for the normal

125 Hz tone than it does to barely hear a 2000 Hz tone. Because it is desirablg
Where the normal ear can just barely, hear the stimulus, regardless of frequency
mpensate for differences in hearing sensitivity as a function of frequency.

SIS

DOISE

rt duration noiSe; such as from military weapons or fireworks e.g. sound havir
aveform witholarge amplitude (140 to 170 dB) and short durations of 2 to 500 ms;
Bioners may)produce impulse noise.

CETO’'LOUDNESS

to have a 0 dB dial
the audiometer has

g a microsecond to
for example, airbags

Patient is uncomfort

ple mn 1oua/mnolsy environmernts arer exposure to Impulse/oter noise.

3.2.23 MODERATE HEARING LOSS (ANSI, 1969)

41-55 dB. Individual demonstrates an understanding of speech at close range, but requires amplification.

3.2.24 NORMAL INCIDENCE

Noise wave directed

perpendicular to the eardrum.

3.2.25 OCCULT SHIFT / HIDDEN SHIFT

Loss in the 4000+ to 6000 Hz range which is above the speech frequency range of 500 to 4000 Hz, and may not be
apparent without comparison of pre- and post-exposure audiograms.
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3.2.26 OTOACOUSTIC EMISSIONS (OAE)

Acoustical signals that can be detected in the ear canal spontaneously as narrow band tonal signals after stimulation of
the ear and are thought to be due to vibrations produced at various locations within the cochlea.

3.2.27 PERMANENT THRESHOLD SHIFT
A change in hearing secondary to noise exposure that is permanent (remains longer than 6 months).
3.2.28 PEAK AMPLITUDE

The maximum valug-ef-sednd-pressure—-attained—expressed-i-psi-kRa)y—tmay-also-be-expresseqd as sound pressure
level in decibels (dB).

3.2.29 PROFOUND HEARING LOSS (ANSI, 1969)
91+ dB. Person dogs not rely on hearing as the primary modality for communication.
3.2.30 RECRUITMENT

Abnormal phenomenmon of loudness sensitivity. As one raises the intensity of a‘tone, the perceived lpudness grows more
rapidly than in a norinal ear.

3.2.31 REVERBERATION TIME
The time in a closed|compartment in which the sound pressure level is reduced by 60 dB after the solind source is cut off.
To be representativg of a passenger vehicle, the reverberation-time should lie between 30 and 100 ms for frequencies
from 0.5 to 8 kHz.
3.2.32 RISK

In the ARL model, ajmeasure of the mechanical fatigue of the hair cells in the inner ear.
3.2.33 SENSATION LEVEL (SL)

A measure of stimujus intensity relative~to the threshold of the individual being tested. Thus, 30 ¢B SL means 30 dB
above the individual's threshold for\the specific test stimulus. The term SL often is used to specily the level at which

speech discrimination tests are @dministered.

3.2.34 SEVERE HEARINGEOSS

7110 90 dB. Loud spéech may be understood at 1 ft from the ear.

3.2.35 SHADOWING

Head shadowing occurs when the pressure wave of a noise event passes the head of an individual exposed to the noise.
Since the head is positioned between the noise source and the distal ear, if the distal ear falls in the shadow of the head
relative to the noise source it is exposed to a lower pressure than the proximal ear. For example, the study by Price,
Rouhana and Kalb (1996) showed an approximately ten-fold reduction in ARUs by head shadowing.

3.2.36 SOUND PRESSURE LEVEL

Twenty times the base 10 logarithm of the ratio of the pressure of a sound to a reference pressure, expressed in decibels.
The standard reference pressure is equal to 20 uPa. A 50 dB SPL tone is 50 dB above the reference pressure,
0.0002 dynes/cm?. SPL = 20 Log1o(Pmeasured/Preference)
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3.2.37 SPEECH DI

SCRIMINATION SCORE

The percentage of phonetically balanced (PB) words a person can correctly repeat at a given sensation level

3.2.38 TEMPORARY THRESHOLD SHIFT

A change in hearing

3.2.39 THRESHOL

secondary to noise exposure that recovers within 6 months.

D OF HEARING / HEARING LEVEL

The difference in decibels between a standard average threshold level (ISO R389) and the threshold of hearing for the

individual being test

d_Thahiiman aar narcaivvac csaound fraom 20 H=z ta 20 k2
t—r e aR-ealpetrceMesSSouRaHOM=I-FA 0=kt

3.2.40 THRESHOU

A change in a perso
and a permanent sh

3.2.41 THRESHOU
120 to 140 dB, subj¢
3.2.42 TINNITUS
Subijective sensatior
3.2.43 VERTIGO

A sensation of motio

D SHIFT

n's hearing sensitivity after exposure to a sound; a temporary shift (TT$) disapps
ft (PTS) is one that remains longer than 6 months.

D OF PAIN

ct to human Biovariability.

of noise in the ear, ringing of the ears; an irritating repeatable sound in the ear.

n when there is no physical movement:

3.3 Symbols

m? cubic m
dB decibels
dyne/cm®  dyne pe
kPa kiloPasg
m meter
N/m? 1 Newto
Pa Pascal 5
uPa 1 microF
psi 1 pound
rms root me

pars within 6 months

bter
[ square centimeter=1"newton per square meter
als
n per squaremeter
1 newton per square meter
Pascal
persquare inch
r_squared

pum 1 micror

et
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4. TESTING CONSIDERATIONS FOR ASSESSMENT OF IMPULSE NOISE FROM INFLATABLE DEVICES

A number of issues remain unresolved relative to the test procedures for impulse noise. These issues are discussed in
this section, even as researchers continue to develop and compare various test methods. This section will likely be
revised within a year of the publication of this Information Report.

One of the principal issues surrounding airbag noise measurement is whether to measure in a vehicle environment or in a
chamber that simulates a vehicle. While research to-date has shown a strong effect of vehicle environment on the risk
predicted by the ARL model of the ear, suppliers of automotive components do not usually have access to prototype
vehicles when the development of an inflatable device begins. Thus, they have no way to assess the impulse noise-
induced hearing loss risk until very late in the vehicle development process when changes can affect program timing. It is
likely that a recommended practice will suggest initial tests in a simulated vehicle environment followed by confirmation
tests when a prototype vehicle is available.

Dynamic testing for pssessment of airbag noise-induced threshold shifts is not necessary for'a.number of reasons. First,
the noise of a crashlitself is typically much less than that of the deployment of inflatable déeviees (14% dB vs 165 dB for a
typical full frontal airpag system, respectively). Second, most transducers available today possess significant acceleration
sensitivity. This senditivity to acceleration makes it difficult to obtain accurate measurements of the nojse during the crash.

4.1 Simulation of & Vehicle Using a Reverberation Chamber

Issues to be considgred in the selection of a standardized chamber include:
e What volume is fypical of a vehicle’s passenger compartment?

e What are the acpustic properties inside of a vehicle?

e Should the ratio jof glass to plastic trim be simulated?

e Should dummieg be included?

e Should the chamber be airtight or have calibrated pressure relief?

Suitability of chagmber for head curtaifrairbags?

One chamber that hps been proposed-for use is called the Alpha Cabin (by Rieter Automotive). The|Alpha Cabin can be
vented or have prefsure relief~lt;can be trimmed to represent the vehicle’s expected acoustic tharacteristics. For
example, by using 20 to 60 mm,thick fibrous cotton fleece, absorption characteristics similar to thosg¢ in a vehicle can be
simulated.

Dummies should be|used to represent the volume taken up by humans in a vehicle—especially the a¢oustical influence of
the upper body.

The measuring transducers should be located at positions closely related to human ear locations.

Whether the windows are open or closed has produced different results in different experiments: driver-only systems did
not show a difference, but driver and passenger systems deployed together have shown a significant difference.

Since early in the design of an airbag system, an exemplar vehicle is not available, it is desirable to have a standard
chamber or tank that can be utilized by the airbag supplier for initial evaluations of prototype systems. This chamber or
tank dimensions and composition should be standard to allow its availability worldwide to reduce the likelihood of lab-to-
lab variation such as that which occurs in anechoic chambers.
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4.2 Test Setup

Issues considered in the definition of Test Setup:
4.2.1 Acceleration of test fixture
Dynamic testing for evaluation of airbag noise is not recommended, but if a dynamic vehicle crash is being measured with

the measuring equipment inside the vehicle, this equipment must be protected from vehicle deceleration. Most pressure
transducers have specified acceleration sensitivity. The transducer should be oriented with its least sensitive axis in the

direction of principal

4.2.2  Grounding/

vehicle deceleration.

arae counlina
) Lt~

All equipment includ
data may indicate a

4.2.3 Mounting of

4.2.3.1 In-Vehicle
Mount airbags in de
4.2.3.2 In-Chamb
Attach the inflatable
device is mounted
transducers/microph
4.2.4  Electromagn

Care should be tak
electrostatic dischar

4.25 Impactby In
Impact by an airbag
mount the sensor

deployment.

4.2.6

Tests should be con

Temperature

ing the dummies should be connected to a good earth ground. Sharp, large-am
hrounding problem. Be careful not to introduce ground loops.

the inflatable device(s)

ign location

By

device in a manner similar to its in-vehicle orientation relative to the dummy. In
on the interior of the door to the.~Cabin. The dummy torso fitted

ones is positioned appropriately with respectto the inflatable device(s).

etic Interference

en to ensure proper grounding-of all segments of the dummy to a good eart
je during the tests. Electrostatie discharge can masquerade as a noise signal.

flatable Device

or other inflatable device can also masquerade as a noise signal. Therefore, car
pressure transducer or microphone) in a location that is outside the zone

plitude spikes in the

the Alpha Cabin the
with the pressure

N ground to prevent

e should be taken to
of inflatable device

fdeted at room temperature, e.g. 23 °C £ 5 °C.

4.2.7 Occupants

Do not test the vehicle/chamber empty: simulate the space that occupants would take up in the vehicle. Upper body
acoustic parameters are important. Research is underway to determine whether all occupant seating positions should be
occupied during the assessment or if just occupying those positions closest to the inflator would be sufficient.

4.2.8 Occupant Position Relative to the Inflatable Device

The head's closeness and orientation to the packaging of the inflator should to be considered. For example, a side airba%
packaged in a right front passenger seat might be closer to the ear of a six-year-old dummy than to that of a 50'

percentile Male dum

my.
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